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REMARKS 

Claims 32-60 are pending in the application and are rejected, except for claim 60 which is 
withdrawn from consideration. Claims 32-59 have been canceled without prejudice or 
disclaimer, and claims 60-79 added. Accordingly, claims 60-79 will be pending in the 
application upon entry of the amendments presented herein. 

The new claims have been added to more fully and clearly claim the invention. Support 
for the claims is found throughout the specification; for example, on page 5, lines 9-17; 
page 6, lines 18-32; page 7, lines 31-38 bridging over to page 8, lines 1-3 as well as in the 
examples and at least in originally filed claims 1-28. No new matter has been added. 

Cancellation of the claims is in no way to be construed as acquiescence to any of the 
rejections raised by the Action. The cancellation and substitution of new claims was 
done to expedite prosecution of the application and Applicant reserves the right to pursue 
the claims filed in this application in one or more separate applications. 

Rejection under 35 USC §112, First Paragraph 

Claim 40 is rejected under 35 USC §1 12, first paragraph as failing to comply with the 
enablement requirement. The Action appears to imply that HSV-1 strain 1 802 is not 
sufficiently described in the specification to allow its use. 

Applicant submits that HSV-1 strain 1802 is fully described in the specification. On page 
7, line 25, reference is made to 1802 as having a unique Xbal restriction site in the Us 
region at position 143 969, also pointing out that the positions are numbered in 
accordance with the McGeoch, et al. reference (page 7, line 28). Using this mutant, a 
construct containing the rep and cap genes in accordance with the invention is shown in 
FIG. 1. Page 12, line 35 states that the AAV genome is numbered in conformity with 
Genbank deposition number JO 1901. Thus the 1802 mutant can be readily accessed and 
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used by those skilled in the art to insert AAV rep and cap genes into the HSV genome 
because there is ample description and guidance in the specification to do so. Applicant 
believes that a deposit is not required because the modified 1802 HSV mutant can be 
readily made and used by one of ordinary skill in the art based on the information in the 
specification. 

For the Examiner's convenience, Exhibit A is a copy of the McGeoch, et al reference, 
describing the 1802 mutant. The Rixon and McLauchian reference will follow included 
with an Information Disclosure Statement in a separate mailing. 

Rejection under 35 U.S.C. §112, Second Paragraph 

Claims 44-47, 53-54 are rejected under 35 USC, §112, second paragraph as indefinite for 
failing to particularly point out and distinctly claim the subject matter regarded as the 
invention. 

Claim 44 is objected to for using the term "stably" in connection with integration into the 
HSV genome. 

Applicant, while disagreeing with the necessity to provide a definition of "stably" in the 
claim, has nevertheless modified claim 44 (new claim 66) to reflect the observations 
detailed in the specification that led Applicant to state that the expression cassette was 
stably integrated into the HSV genome. Thus, as found in the specification on page 6, 
lines 18-26, no evidence of wild-type HSV was observed even after several consecutive 
dilution steps in a plaque purification, up to at least 7 dilution steps. See also Section 1 .6 
on page 16, describing the plaque assay and page 23, lines 23-29 indicating no reversion 
to wild-type as would be indicated by X-gal staining if present. 

Claims 53-54 are objected to for failing to set forth the steps involved in the claimed 
"use" of the rHSV. 
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Applicant has canceled claims 53-54; accordingly the rejection is moot. 

Rejection under 35 USC §101 

Claims 53-54 are rejected under 35 USC, §101 because the claimed "use" fails to set 
forth the steps involved in the use process. 

Claims 53-54 have been canceled and therefore the rejection is moot. 

Rejection under 35 USC §102 

Claims 32-39 and 41-60 are rejected under 35 USC £102(b) as anticipated by the Dong, 
et al reference (WO 95/06743) for reasons of record and summarized in the Action from 
selected references to the text of the Dong, et al published international application. 
Applicant respectfully disagrees that Dong is anticipatory. 

Applicant was aware of the Dong application at the time the subject application was filed. 
In view of the Action's comments Applicant has again reviewed the application. There is 
a large amount of description in the application, so large in fact that it is difficult to pick 
and choose exactly how to make any particular recombinant herpes for use in preparing 
quantities of recombinant adeno-associated virus. Applicant maintains that the guidance 
in Dong is so general that aside from engendering an undue amount of experimentation to 
arrive at Applicant's results, there is no explicit teaching to make and use the recombinant 
herpes virus claimed by Applicant. Moreover, the consistent comparison by Dong, et al 
of herpes virus with adenovirus and the statements that herpes virus could be used in the 
same manner is not reasonably backed up. Dong provides little direction in making rHV 
constructs, and what direction is provided in prophetic example VI, would reasonably 
result in a construct that is different from Applicant's construct. 
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Nevertheless, Applicant, being one of high skill in the art, has revisited the Dong 
application to determine what it teaches and whether or not there is reasonable guidance 
to one of ordinary skill in the art to engineer Applicant's recombinant herpes virus at the 
time the present invention was made. In particular, Applicant has asked if Dong's 
assertions do in fact teach the recombinant herpes virus claimed by Applicant, or if by 
chance in picking and choosing from among many general statements, Applicant might 
have chanced upon the presently claimed rHV. 

Applicant's goal was to be able to make high-titer preparations of rAAV without 
contaminating wild-type virus. Applicant was aware of the Dong application and was 
aware that Dong outlined in detail an adenovirus construct containing a recombinant 
insert that included AAV rep and cap genes. Applicant was also aware that expression of 
Rep proteins in AAV-infected cells inhibits infection with adenovirus so that high-titer 
preparations had not been produced. Searching further in Dong, Applicant identified 
references in col 8, lines 8-20, for preparation and purification of rAAV, particularly 
noting that in one actual preparation Adenovirus (not herpes) was removed in the 
purification procedure. 

Not finding explicit descriptive guidance in the Dong specification to make the rep/cap 
rHV virus that is the subject of the present invention, Applicant turned to the examples. 
FIG. 7 is a schematic diagram illustrating production of transducing AAV virions using 
an infection method. The recombinant viruses are adenoviruses prepared as described by 
Dong. But Applicant recognized that there was a problem with recombination, despite 
assertions of projected high titers. Also, one skilled in the art would recall that most of 
Dong's detailed descriptions of constructs were for recombinant Adenovirus, with the 
exception of example VI, which purported to show preparation of exemplary rHVs. 
Oddly, in example VI, col 23, line 50, the rep/lip/cap genes are taught for insertion in the 
genome of the herpes helper virus. This suggests that the "paper" invention of Dong is 
based only on speculation and that there was no direction or description by Dong to make 
and use a herpes helper construct containing only rep and cap. Accordingly, the skilled 
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artisan is explicitly guided to incorporate rep/lip/cap into a recombinant such as R7020, 
(see col 23, lines 50, et seq in US Pat. No. 6,686,200). At lines 38, et seq,, Dong teaches 
an exemplary recombinant HV as lacking part of the tk domain and all from the 3' end of 
the oil gene up to the promoter region of the a 4 gene. It is noted that the HV construct 
suggested by Dong also replaces the ITRs with a DNA fragment encoding viral 
glycoproteins G, D and I (see lines 46-49, col 23 in the '200 patent) while Applicant's 
construct is optionally lacking the ITRs, and does not replace the ITRs with those 
encoded proteins. 

Applicant's position is that Dong does not anticipate the recombinant herpes virus of the 
present invention because in the one place where a herpes helper is described (Example 
VI), the rep/cap/lip genes are proposed for insertion into the tk region. In order to 
anticipate, the rHV must meet all the features of what is described in the reference. It 
does not. Applicant's claimed rHV lacks lip, while the Dong reference provides a 
prophetic example that includes the lip. Thus the Dong example, where one would 
expect to find the same recombinant HV described, fails to disclose each and every 
element of the claimed recombinant virus. 

Accordingly, by providing Example VI to illustrate generation and propagation of 
recombinant herpes family viruses that express essential proteins for AAV packaging, 
Dong does not anticipate Applicant's constructs, which are different and do not undergo 
detectable homologous recombination as determined by plaque assay and are useful for 
high titer rAAV production. 
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Conclusion 

Applicant believes that a complete response has been submitted and respectfully submits 
that this application is now in condition for allowance of claims 61-79. Should any issues 
remain or should the Examiner believe that a telephone conference with Applicant's 
attorney would be helpful in expediting prosecution of this application, the Examiner is 
invited to contact the undersigned at the telephone number shown below. 

Respectfully submitted, 

Barbara S. Kitchell, Reg. No. 33,928 

Edwards & Angell LLP 

Three Stamford Plaza 

301 TresserBlvd. 

Stamford, CT 06901 

(203) 353-6848 
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ABSTRACT 

We have determined the sequence of herpes simplex virus type 
1 DNA around the previously mapped location of sequences 
encoding an epitope of glycoprotein gH, and have deduced the 
structure of the gH gene and the amino acid sequence of gH. The 
unprocessed polypeptide is predicted to contain 838 amino acids, 
and to possess an N-terminal signal sequence and a C-terminal 
transmembrane sequence. Temperature-sensitive mutant tsQ26 maps 
within the predicted gH coding sequence. Homologous genes were 
identified in the genomes of two other herpesviruses, namely 
varicella-zoster virus and Epstein-Barr virus. 

INTRODUCTION 

The virion of herpes simplex virus (HSV) possesses an outer 
envelope consisting of a lipid bi layer in which are embedded a 
number of glycoprotein species. By the early 1980s it appeared, 
following a period of some confusion, that both serotypes of HSV 
encoded four membrane glycoprotein species, termed gB, gC, gD 
and gE (for review, see ref . 1). However, recent work, in 
particular the application of monoclonal antibody techniques and 
of DNA sequence analysis, has detected other glycoprotein 
species or has shown that further glycoproteins may be encoded 
in the HSV genome. Thus, an HSV-2 glycoprotein named gG or g92K 
has been described (2,3,4), encoded by a gene in the short 
unique region (U s : see Figure 1) of the HSV-2 genome. In HSV-1, 
sequence analysis of the U s region has indicated the presence of 
three genes thought to encode "extra" glycoproteins (5,6), one 
of which is the HSV-1 equivalent of HSV-2 gG (7; also, 
unpublished data); Lastly, Buckmaster et al. (8) used a 
monoclonal antibody to define a new glycoprotein of HSV-1, 
termed gH, whose gene mapped to a position in the long unique 
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Figure 1. Organization of the gH gene region in the genome of 
HSV-1 . The upper part of the figure depicts the prototype HSV-1 
genome, with numbering in fractional map units. The long and 
short unique sequences are shown as solid lines, with major 
repeat elements as open boxes. The middle part of the figure 
expands a 6 kb region from 0.268 to 0.312 map units, to show the 
layout of 57K r 90K (gR) and TK genes. Positions and orientations 
of transcripts are indicated, with predicted coding regions as 
open boxes. The lower part of the figure shows the mapping 
bracket for the gH epitope (0.282 to 0.308 map units; 8), with 
numbering as in the sequence listing of Figure 2. The position 
of the mapping bracket's left end is uncertain in terms of the 
HSV-1 DNA sequence (see text), and the region of uncertainty is 
indicated as a dashed line. 

region (U^: see Figure 1) distinct from other glycoprotein 
genes • 

This paper is concerned with the identity and structure of 
the gH gene, which lies in a part of the HSV-1 genome for which 
we have determined the sequence. We have located the gH gene 
and have deduced the encoded amino acid sequence of gH. In 
addition, we have identified corresponding genes encoded by the 
alphaherpesvirus varicella-zoster virus (VZV) and by the 
gammaher pes virus Epstein-Barr virus (EBV) . 

MATERIALS AND METHODS 

The DNA sequences of plasmid cloned copies of HSV-1 strain 
17 restriction fragments were determined by the M13/chain 
terminator system as described (5,9,10). For the sequence 
reported in this paper, fragments used were EcoRI £ cloned in 
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pACYC184 (from V.G. Preston) and BamHI £ cloned in pAT153 (11). 
Computer handling and interpretation of sequence data used a 
PDP11/44 under RSX11M as described (5,10). 

RESULTS 

(a) Identification of the HSV-1 gene encoding gH 

The monoclonal antibody (LPll) used to define HSV-1 gH is 
type specific (that is, it is not active against HSV-2) (8). 
This enabled Buckmaster et al. (8) to locate the portion of the 
HSV-1 genome encoding the epitope recognized by LPll to a 4 kb 
region in U L , between 0.282 and 0.308 map units, by assaying 
activity of LPll against a reference set of intertypic 
recombinants. As part of a large scale DNA sequence analysis of 
the HSV-1 genome, we have determined the sequence of this 
region, and this is shown in Figure 2, as 3740 bp of composition 
65.7% G+C. For a reason which will become apparent, the 
sequence is listed as the strand oriented 5' to 3 1 , right to 
left, on the genome diagram of Figure 1. The right boundary of 
the gH epitope mapping bracket is marked by an SstI site in 
HSV-1 (11) (residue 1 in Figure 2). The left boundary is 
defined by a Kpnl site in HSV-2 (12), and so cannot at present 
be placed with exactitude on the HSV-1 sequence, but lies 
between HSV-1 Kpnl sites at residues 2969 and 3735 in Figure 2. 
Together with published mRNA mapping data and sequence studies 
(13,14,15), the sequence enabled the deduction of gene 
arrangement and of amino acid sequences of encoded proteins. As 
shown in outline in Figure 1, and explicitly in Figure 2, the 
region contains all or part of three genes. At its right 
extremity lies the downstream portion of the leftward 
transcribed thymidine kinase (TK) gene (13,14). To the left of 
the target region there is a rightward transcribed gene (15) 
encoding a protein of predicted M r 57,638 (here called 57K) , of 
unknown function (our unpublished data). The mapping bracket 
may just include a small part of the 57K coding sequence. 
Finally, between the TK and 57K genes there is a leftward 
transcribed gene (16), encoding a protein of predicted M r 90,360 
(now called 90K) , and this gene is completely, or almost 
completely, within the mapping bracket. 
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The well-studied TK gene can at once be dismissed as a 
candidate for encoding gH. The 57K gene can also be reasonably 
excluded, since the encoded protein does not possess any visible 
signal sequence or transmembrane segment. In addition, only the 
sequence encoding the 19 C-terminal amino acids can lie within 

GACCTCACATCCC ^ ' ' *CCT TLIft)ll,,P1AALt ' CYPAA * YL,,CSNTf0AVL1M 

ArVALIPPTLPCTHIVLCALrE0RHlDHLAKao«PGKRLO22e 

GCCGTTCOTGGCCCTCATCCaiCCaACCTTGCCCG^ 240 

L A H L A A I RRVYGLLARTV'RYLQGGGSWRED.WGQLSGAAVP 2U 
CCTOOTATCCTCCCCCCCArrCCCCOCCTTTATCOCCT0CTT«CA^ 3ft0 

CCCCCACCCTCC e ' 08, '* GP " r8ICDTLfTLr ** PILl ** P,,CeL1^ " V,^08 

A M A L OVLAK RLRPMHVri L D Y DOS P A 0 C R DALLQLT8CKV 1*8 
TCCCTGCGCrrT«UCCTCTTCCCCAAACOCCTCCCTCCCATOCAT O T C ITT ATCCTOOATTACOAOCAATCCCCOOCCCCCTCCCOOOACTCCCrocttiCAA WO 



VTHSPbPRGtaYKLTOVDVRRPLPLTYLTATClOiTROIK 714 
TCACCXIACTCCCCTCTOCCCCOOOOaATCG^ 1120 



VQpVAAlAP dyiAAflALoVVHlVAfcLAO l t KVLRTSVPPP 814 
*TTOCOCCCOO t. TTT C l VW CC O CCTCTOCQCTOOOCQTOOT^ WT T 3440 
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the mapping bracket, even on the most favourable interpretation. 
In contrast, the 90K protein encoded by the centrally placed 
gene possesses a hydrophobic N-terminal region which could 
comprise a signal sequence (6), and a second hydrophobic region, 
adjacent to the C-terminus, which could be a transmembrane 
anchor sequence (see below). The protein sequence also contains 
7 potential. N-glycosylat ion sites. The unprocessed polypeptide 
has a predicted M r appropriate for a precursor of glycosylated 
gH, which has an estimated M r of 110,000 to 120,000 (8,17). 
Finally, it is already known that the 90K gene is transcribed, 
late in lytic infection (16). 

It is clear from these arguments that the 90K gene is an 
excellent candidate for encoding gH and also that no real 
alternative is discernible within the mapped locus. We 
therefore conclude that we have located the gH gene. While, this 
stops short of a formal identification, nonetheless, from the 
viewpoint of DNA sequence interpretation the conclusion appears 
well justified. In the following sections we describe the 
sequence of the gH gene and characteristics of the protein, and 
identify corresponding genes in the genomes of two other 
herpesviruses. 

(b) The gH gene and polypeptide 

The mRNA species which we now believe to encode gH was 
previously characterised by Sharp et al. (16) as an abundant, 
late transcript of approximately 3 kb, whose 5 '-terminus was 
located 23 residues 3' to the 3 '-terminus of TK mRNA (that is, 
at residue 779 in Figure 2). As those authors pointed out, this 
implies that the promoter for the 3 kb transcript must overlap 
the 3 '-terminus of the TK gene. We now consider that the mRNA 1 s 

Figure 2. DNA sequence of the gH gene region in the genome of 
HSV-1 . The sequence is shown for the leftward 5 '-3* strand only 
for the gH gene region, as indicated in Figure 1. This sequence 
was obtained using plasmid-cloned fragments BamHI £ (residues 1 
to 2305) and EcoRI a (residues 1785 to 3740). The 5' -terminus of 

gH mRNA is indicated as m O >", and the 3*-terminus of TK mRNA 

(13,14,15), together with predicted 3'-termini for gH and 57K 

mRNAs , as H : M . Polyadenylation associated sequences AATAAA 

are underlined. Predicted amino acid sequences are shown for gH 
and for the C-terminal portions of TK and the 57K protein. In 
the gH amino acid sequence, hydrophobic regions representing 
probable signal and transmembrane sequences are over lined, as are 
possible N-glycosylat ion sites. 
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3' -terminus should be adjacent to one or both of the 
appropriately positioned polyadenylation associated sequences 
AATAAA at residues 3490 and 3531. This would give the "3 kb" 
RNA a length, excluding poly(A), of 2740 to 2780 residues. 
Downstream of these termination sites there is an intergenic 
region of 90 to 130 residues, followed by the 3 '-terminus of the 
57K gene (see Figure 2). 

Within the "3 kb" mRNA region, the first potential 
translation initiation codon is at residue 978, and this opens a 
reading frame of 838 codons, terminating with TAA at 3492, which 
is thought to encode gH. The predicted amino acid sequence 
exhibits an uncharged region of 20 residues at its N-terminus. 
We have previously shown by criteria of length and 
hydrophobicity that this region probably comprises a signal 
sequence for translation on membrane bound ribosomes (6) . 
Adjacent to the C-terminus there is another stretch of uncharged 
amino acids (residues 975 to 824), followed by several basic 
residues, which we presume to comprise a transmembrane anchor 
region (18). These two hydrophobic sequences are illustrated by 
the "hydropathy" plot of Figure 3. Within the proposed external 
domain (up to residue 794) there are seven occurrences of 
potential N-glycosylation sites (N-S and N-T; ref. 20). The 838 
codon open reading frame would encode a polypeptide of M r 
90,360. From proposals for prediction of the site of cleavage 
by signal peptidase (21,22), it is most likely that cleavage 
would occur after residue 18, leaving an 820 residue polypeptide 
of M r 88,489. 

In 1983, mapping of the temperature-sensitive mutation in 
HSV-1 strain KOS tsQ26 to a small region adjacent to the TK gene 
was reported (23). On the sequence listing of Figure 2, the 
tsQ26 mapping bracket is bounded by the PvuII site at 1290 and 
the EcoRI site at 1785, a region wholly within gH coding 
sequence. Thus, it is now clear that tsQ26 is a mutation in the 
gH gene, demonstrating that gH is an essential protein, at least 
in tissue culture infection. 

We have compared the predicted gH amino acid sequence with 
sequences of other HSV-1 glycoproteins, including gB (24), gC 
(25), gD (5), gE (5) and three other species; encoded in the 
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Figure 3. Hydropathy ylots for predicted amino acid sequences of 
herpesvirus glycoproteins . Scans of the local hydrophobic and 
hydrophilic characters are shown for the predicted amino acid 
sequences of gH and the corresponding VZV and EBV proteins (see 
text). For each, the x-axis represents a set of 11-residue 
windows on the sequence, with successive windows incremented by 3 
residues, and the N-terminus at the left. The y-axis represents 
the hydropathy sum (19) for each window (scale: -40 to +40). 
High values represent hydrophobic regions, and low values 
hydrophilic regions. Proposed signal sequence and transmembrane 
sequence hydrophobic regions are underlined. 

short unique region (5,6,7). However, no significant 
similarities were found. 

(c) Identification of VZV and EBV counterparts of the gH gene 
HSV and VZV both belong to the Alphaherpesvirinae 
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Figure 4. Comparison of HSV-1 gH and VZV gene 37 proteins . 
The predicted amino acid sequences for gH and VZV gene 37 protein 
(28) were aligned by the program of Taylor (29), using default 
parameters. The gH sequence is the upper, and pairs of identical 
residues are indicated by asterisks. Gaps introduced by the 
program are shown as blanks. Proposed signal sequences and 
transmembrane sequences are overlined or underlined. 



sub-family, although they differ substantially in their DNA 
sequences and in details of genome organization (26,27). The 
complete sequence of the VZV genome has recently been determined 
(28), and this has allowed us to identify a counterpart to the 
HSV-1 gH gene, namely VZV gene 37. These genes occupy 
corresponding positions in each genome, and comparison of the 
two predicted amino acid sequences shows clear homology. In the 
alignment shown in Figure 4, the sequences exhibit 25% matching. 
The VZV gene 37 polypeptide would contain 841 amino acids in its 
unprocessed form. Like HSV-1 gH, there are hydrophobic regions 
at the N-terminus and near the C-terminuo, thought to be the 
signal sequence and transmembrane sequence, respectively 
(Figures 3 and 4). There are ten potential N-glycosylation 
sites. 

In 1984, Baer et al. (30) published the complete genome 
sequence of EBV, which is classified as a member of the 
Gammaherpesvirinae sub-family (26). This. is only distantly 
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• • • • • • 

HSV 378 TLrWLrntnFCAASLBniUt BSVF I LMLAQATBSKTPVSVLAOOffBaLASTLTft 

Figure 5. Comparison of EBV BXLF2 amino sequence with the two 
alphaherpes virus sequences . Alignments are shown for portions 
of the BXLF2, VZV gene 37 protein and gH sequences. Identical 
pairs of residues between BXLF2 and either of the others are 
marked by asterisks. Gaps introduced to obtain alignment are 
shown as blanks. This figure was constructed from computed 
alignments (29) of BXLF2 with each of the other sequences 
separately. It does not represent an overall optimal alignment 
of all three sequences. 



related to the Alphaherpesvirinae, but several EBV genes have 
now been shown to have counterparts in HSV (31,32,33,34). From 
the complete VZV genome sequence (28), a number of homologous 
VZV and EBV genes have been identified, and an overall 
relationship between the gene arrangements of the two genomes 
has emerged (A.J. Davison and P. Taylor, in preparation). This 
showed that VZV gene 37 had a probable counterpart in the EBV 
reading frame BXLF2 (30), in terms of genome positions. BXLF2 
would encode a protein of 706 amino acids. We have evaluated 
relations between the BXLF2 amino acid sequence, and the 
sequences of HSV-1 gH and VZV gene 37 protein. The N-terminal 
half, approximately, of the BXLF2 sequence showed little or no 
homology with the others by the procedures used, but regions in 
the C-terminal portions were recognizably related, although 
generally weakly. Alignment required introduction of many small 
gaps. The most convincing homology is at residues 475 to 487 in 
the BXLF2 sequence, and this is shown in Figure 5, together with 
flanking sequences. This is also one of the regions most 
conserved between the sequences of gH and VZV gene 37 protein 



1 NOIXCVPCLVLLHIVOAASLSEVKLIILDI EOBMHYT I pwrCLMMCVPOL SO 
657 BnXLTT»OTVM8IMLTUR*aVVLA!lLVf Ia>*UJ I »LVHKI VKFn, 7M 

Figure 6. Terminal regions of EBV BXLF2 protein . 
The N-terminal 50 residues and C-terminal 50 residues are listed 
for the BXLF2 protein (30), with overlining to indicate proposed 
signal sequence and transmembrane sequence. 
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(Figure 4). As shown in Figures 3 and 6* BXLF2 also possesses 
candidate signal and transmembrane sequences. There are five 
potential N-glycosylation sites. In summary, it is clear that 
this EBV gene is related to the two alphaherpes virus genes, 
although widely diverged, and encodes a membrane- inserted 
protein, presumably a virion glycoprotein. A promoter for the 
gene has been identified, which is active late in the 
replicative cycle (30). 

DISCUSSION 

We conclude from these studies that we have identified the 
HSV-1 gene for gH, and that the protein has a standard 
arrangement of N-terminal signal sequence, a number of possible 
N-glycosylation sites and a C-terminal membrane anchor region. 
The function of HSV-1 gH is presently unknown, but its 
importance was indicated by the findings that monoclonal 
antibody LP11 could neutralize virus infectivity and also, 
uniquely, inhibit plaque formation when added after the start of 
infection (8). Our conclusion that the previously mapped tsQ26 
mutation (23) lies in the gH gene shows that gH is essential, 
and the finding that the gH gene has counterparts in VZV and in 
EBV, which is not the case for several of the other HSV 
glycoproteins, could also argue a basic functional role for gH 
and its homologues. 

Biochemical and immunological studies have distinguished 
four VZV glycoproteins, and the genes for three of these have 
been identified (35,36,37). These, however, do not include gene 
37 . The complete DNA sequence contains five probable 
glycoprotein genes (28). It seems likely that gene 37 encodes 
the glycoprotein designated gpIII by Davison et al. (37), but we 
have no direct evidence on this. 

In the case of EBV, present knowledge regarding virion 
glycoproteins is quite limited. Three species, termed gp350, 
gp220 and gp85, have been recognized (38,39). From the complete 
genome sequence, Baer et al. (30) proposed the existence of five 
glycoprotein genes. For only two of these, encoding the related 
gp350 and gp220 species, have the corresponding glycoproteins 
been identified (40,41). Another gene encodes a protein 
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homologous to HSV-1 gB (34). BXLF2 was not suggested as a 
possible glycoprotein gene by Baer et al., so it now appears 
that EBV may encode six glycoproteins. 
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